According to a recent hypothesis, the CV pattern (i.e., the arrangement of consonant and vowel letters) constrains the mental representation of letter strings, with each vowel or vowel cluster being the core of a unit. Six experiments with the same/different task were conducted to test whether this structure is extracted prelexically. In the mismatching trials, the targets were pseudowords built by the transposition of 2 adjacent letters from base words. In one condition, the pseudowords had the same number of vowel clusters as the base word, whereas in another condition, the transposition modified the number of vowel clusters (e.g., poirver: 2 vowel clusters vs. povirer: 3 vowel clusters, from POIVRER: 2 vowel clusters). In Experiment 1, pseudowords with a different number of vowel clusters were more quickly processed than pseudowords preserving the CV structure of their base word. Experiment 2 further showed that this effect was not due to changes in syllabic structure. In Experiment 3, the pattern of results was also replicated when the category (consonant or vowel) of the transposed letters was strictly equated between conditions. Experiments 4 and 5 confirmed that the effects were not attributable to lexical processing, to differences in letter identity, or to the position of transpositions. The results suggest that the orthographic representation of letter strings is influenced by the CV pattern at an early, prelexical processing stage.
One fundamental issue in visual word recognition concerns the nature and structure of the mental representations that are extracted from the sensory input. In recent years, a large part of the research has focused on the processes through which letter identity and positional information are obtained and how they are encoded (see Davis & Bowers, 2006; Frost, 2012 , for reviews). An earlier line of attack on this issue has taken the form of a quest for the units of perception, and numerous proposals have been put forward over the course of years (e.g., Carreiras, Alvarez, & de Vega, 1993; Shallice & McCarthy, 1985; Spoehr & Smith, 1973; Treiman, 1986) . Most theories presuppose that words need to be parsed into multiletter groups during the identification process, but neither the precise delimitation of the resulting units nor the nature of cues controlling the parsing mechanism are established. In the present study, we examine the hypothesis that the CV pattern, that is, the organization of consonant and vowel symbols in the letter strings, constrains their perceptual structure, with each vowel or cluster of adjacent vowel letters constituting the core of one perceptual unit.
This hypothesis was tested in previous studies with a metalinguistic syllable-counting task as well as with tasks requiring lexical processing. Readers were asked to count the number of syllables in written words, and they were biased by the number of vowel clusters. Thus, syllabic length was overestimated in words with one vowel cluster more than the number of syllables (e.g., biberon, /bi.bRɔ/: three clusters but two syllables; Chetail & Content, 2013) , and it was underestimated when words exhibited one vowel cluster less than the number of syllables (e.g., pharaon, /fa.Ra.ɔ/: two vowel clusters but three syllables; Chetail & Content, 2012) . 1 We argued that the effect ensues from a conflict between the phonological syllabic structure and the orthographic structure derived from the distribution of vowel and consonant letters in the stimulus string. Naming and lexical decision experiments further showed that the CV pattern also affects word recognition (Chetail & Content, 2012 ). In the naming task, pronunciation was delayed for words exhibiting one vowel cluster less than the number of syllables, presumably due to the structural mismatch between the orthographic word form and the phonological word form to be produced. In the lexical decision task, the direction of the effect varied as a function of word length, from facilitatory for trisyllabic words to inhibitory for four-syllable items. Based on the assumption that the identification of long words involves sequential processes (Ans, Carbonnel, & Valdois, 1998; Carreiras, Ferrand, Grainger, & Perea, 2005) , the facilitatory effect may be explained by the fact that words including fewer vowel clusters need fewer sequential steps. However, for longer words, the lexical identification process would take more time, thus increasing the likelihood that phonological assembly pro-cesses noticeably influence performance in a similar way as in the naming task, yielding a net inhibitory effect.
The notion of perceptual unit is widely used in psycholinguistics and refers to different concepts in different contexts. As noted by Lupker, Acha, Davis, and Perea (2012) , in the domain of visual word recognition, many authors have argued for the perceptual reality of various linguistic elements, such as graphemes, syllables, or syllable constituents, to characterize the mental representations that are activated during processing, but the exact function of these units has not been fully specified. According to a common framework, perceptual processing can be viewed as the simultaneous activity of a complex hierarchy of detectors (e.g., Dehaene, Cohen, Sigman, & Vinckier, 2005; McClelland & Rumelhart, 1981) , each one being responsible for the coding of a certain element of information, from the simplest sensory properties to more abstract and composite characteristics. We take a perceptual unit to be any element of information for which a detector exists in the hierarchy, and we assume that one level in the hierarchy is shaped by the CV pattern, so that higher order elements in the hierarchy, which we henceforth label vowel-centered units, correspond to groups of contiguous letters, centered on a vowel or vowel cluster (see Figure 1) .
One important aspect of our hypothesis is that the perceptual analysis based on the CV pattern occurs at a prelexical level of processing. However, the tasks used in previous studies involved metalinguistic processes (syllable counting) or were oriented toward word recognition. Whereas the latter findings confirmed that the CV pattern affects lexical processing, neither data set directly demonstrates that the effects hinge upon earlier, prelexical processing stages. The fact that an effect was found for both words and pseudowords (Chetail & Content, 2012, Experiment 6) could suggest that the CV pattern plays a role prelexically, but more direct evidence would be required to support this claim. In the present article, we report a series of experiments aimed at examining whether the CV pattern influences the perceptual organization of letter strings at a prelexical level. This requires the use of a task that relies on orthographic processing while being sensitive to the perceptual structure extracted during the encoding of the letter string. The cross-case sequential matching task in which participants have to decide whether two letter strings are identical or different was deemed to meet this goal, but we exploited it in a slightly different manner than in previous research.
The same/different task was initially conceived as a tool for the chronometric investigation of processing stages in classification (Posner & Mitchell, 1967) , and it has also been exploited under various guises in reading and word recognition research. In the 1980s, the task served to investigate the relative influence of letter identity versus letter position (Proctor & Healy, 1985 , 1987 and to support the existence of abstract letter identity coding (Besner, Coltheart, & Davelaar, 1984) . Using a physical match condition, Besner et al. (1984) showed that "different" responses to letter strings sharing the same letters but differing in case (e.g., HILE/ hile) require more time than "different" responses to one-letterdifferent strings. This suggests that an abstract case-independent letter code is extracted early and automatically and interferes with the mismatch decision. Furthermore, as no difference was found between homophone (e.g., HILE/hyle) and nonhomophone (e.g., HILE/hule) strings, the task appears immune to the influence of phonology (see also Pollatsek, Well, & Schindler, 1975) . In more recent years, the same/different task has been used to investigate orthographic encoding. In the contemporary version of the paradigm, the referent and the target are presented successively in different cases, and longer polysyllabic words are employed (see Kinoshita & Norris, 2009; Norris & Kinoshita, 2008) . Interestingly, the sequential version of the task shows limited influence of lexicality, particularly in the mismatch condition (Marmurek, 1989) , which is also the critical condition in the present study.
In line with the idea that the same/different paradigm is particularly suited to examine early visuo-orthographic processes, it has reappeared in the context of the recent discussions about models of orthographic coding (e.g., Davis, 2010; Davis & Bowers, 2006; Gómez, Ratcliff, & Perea, 2008; Grainger & Van Heuven, 2003; Norris, Kinoshita, & van Casteren, 2010; Whitney, 2001) . One important empirical source in this debate stems from lettertransposition effects. It has been known for a long time that letter transpositions can easily go unnoticed. Thus, Bruner and O'Dowd (1958; see also Chambers, 1979) showed that pseudowords built from words by a transposition of two adjacent letters (e.g., gadren from garden) were frequently misperceived as the corresponding base words in word detection and lexical decision tasks. More recently, experiments based on letter transposition have provided further evidence against a strict letter position coding scheme. For example, Forster, Davis, Schoknecht, and Carter (1987) and Lupker (2003, 2004) reported that a word (e.g., JUDGE) is processed more rapidly when it is preceded by a transposed-letter pseudoword prime such as jugde than by a replaced-letter prime like jupte. Norris and Kinoshita (2008) pointed out that transposedletter priming effects are generally weak or absent for pseudo- (features, letters, vowel-centered units, words) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
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words in the lexical decision task and argued that their origin remains ambiguous. To determine whether the effects stem from a lexical or prelexical source, they introduced a new paradigm combining masked orthographic priming with letter-transposition manipulations in the same/different task. They reported equivalent facilitation on both word and pseudoword targets and concluded that the effects arise from the prelexical encoding of orthographic information (see also Kinoshita & Norris, 2009; Norris et al., 2010) . Besides the use of transposed-letter manipulations to study letter position coding, several studies have started exploiting the same technique in a slightly different way to assess the perceptual structure of letter strings. Thus, Lupker et al. (2012) used transposed-letter stimuli in the primed lexical decision task to evaluate the reality of graphemic units. They reasoned that if graphemes constitute perceptual units in visual word processing, disturbing the letters corresponding to a single grapheme in the prime (e.g., anhtem-ANTHEM, th is a single grapheme) should yield a different cost than disturbing letters corresponding to two distinct graphemes (e.g., emlbem-EMBLEM, b and l are two graphemes). In none of their experiments did the two critical conditions yield different performance patterns, thus suggesting that graphemes do not constitute primary units in orthographic encoding. Taft and colleagues (C. H. Lee & Taft, 2009 Taft & Krebs-Lazendic, 2013 ) similarly capitalized on the principle that letter transpositions that break the perceptual structure of the stimuli should be discriminated more easily than letter transpositions that preserve the structure to provide evidence supporting the perceptual reality of subsyllabic constituents.
The Present Study
Following the same logic as Lupker et al. (2012) and C. H. Taft (2009, 2011) , we used the transposed-letter manipulation to determine whether the distribution of consonant and vowel letters in the stimulus string influences same/different performance. We conducted six experiments aimed at examining whether mismatch decisions on stimuli derived from words or pseudowords by a single letter transposition varied according to whether the transposition preserves or modifies the CV pattern. We used the sequential matching task (e.g., Dehaene, Le Clec'H, Poline, Le Bihan, & Cohen, 2002; Duñabeitia, Dimitropoulou, Grainger, Hernández, & Carreiras, 2012; Ratcliff, 1981) as it is supposed to assess prelexical stages of orthographic encoding (see Besner et al., 1984; Marmurek, 1989) . Importantly, we did not use the exact same design as in previous letter-transposition experiments aimed at assessing letter position coding. As our hypothesis was that letter transpositions would cause differential performance effects as a function of the CV pattern they induce, the central contrast was the comparison of structure-preserving and structuremodifying letter transpositions rather than the more usual comparison between letter transposition and letter substitution (but see Experiment 5b).
More concretely, based on our previous findings, we expected transposed-letter pseudowords to be judged as different from the referent base word more easily when the transposition leads to an extra vowel cluster than when the transposition does not modify the number of vowel clusters. For example, from the word POIVRER, which comprises two vowel clusters (CVVCCVC), the transposition of i and v produces the pseudoword povirer (CVCVCVC, three clusters), whereas the transposition of v and r produces the pseudoword poirver (CVVCCVC), which has the same number of vowel clusters as the referent. In the former case, we predict that the discrepancy between the base word and the derived pseudoword would be more salient because the two stimuli do not share the same number of vowel clusters. This was tested in Experiment 1. In Experiment 2, we ensured that the effect was not due to phonological differences resulting from the letter transposition, and Experiment 3 was designed to test an alternative account of the effect in terms of the type of letter transposition involved. Experiment 4 used pseudoword referents to rule out a lexical explanation of the effects, and finally, Experiments 5a and 5b were conducted to ensure that the effects were not due to confounds with letter identity and position. In all experiments, we included a baseline condition in which the transposed pseudoword was not derived from the referent base word (e.g., batsion for POIVRER). This enabled us to ensure that the participants performed appropriately as they were expected to be more rapid and accurate in this condition than in any other. In Experiment 5b, we also used the more traditional letter-substitution condition as baseline.
Experiment 1
To test the hypothesis that written words are orthographically structured according to their CV pattern, we devised transposedletter stimuli that had either the same number of vowel clusters as their base word or not. In both conditions, we expected longer decision latencies than in a baseline condition, and latencies should be longer for stimuli with the same number of vowel clusters as the base word than for stimuli with one more vowel cluster because of the orthographic structure mismatch in the latter condition. In addition, given that transpositions disturbing the CV pattern more often led to break a vowel grapheme (e.g., oi in POIVRER), a fourth condition was added in which the grapheme was also disrupted but the CV pattern was preserved (e.g., POIVRERpiovrer).
Method
Participants. Thirty students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. One hundred and twenty referent words were selected from the Lexique database (New, Pallier, Brysbaert, & Ferrand, 2004) . All the referents included a -VVCC-or -CCVVinternal letter sequence (e.g., POIVRER, /pwa.vRe/, oivr being a -VVCC-sequence) so that transposing adjacent consonant or vowel letters enabled us to devise two targets with the same number of vowel clusters as the referent (poirver, /pwaR.ve/: CC transposition, piovrer, /pjɔ.vRe/: VV transposition), whereas a transposition of the medial consonant and vowel created a target with one vowel cluster more than the referent (povirer, /pɔ.vi.Re/: CV transposition). In the fourth baseline condition, targets were derived by analogous letter transpositions from unrelated words (e.g., bastion, /bas.tjɔ/). Targets were matched on number of letters and summed bigram frequency and did not include a silent e (see Table 1 and Appendix A). For task requirements, 120 additional This document is copyrighted by the American Psychological Association or one of its allied publishers.
referents with the same characteristics were included (e.g., VALSEUR, /val.soeR/), associated to the same targets (valseur). Four lists of stimuli were used, with every referent appearing once in each list and an equal number of trials of the four target conditions. Procedure. Participants performed a cross-case same/different task programmed in Matlab using the Psychtoolbox extension (Brainard, 1997) . Each trial began with a centered fixation cross for 500 ms, followed by the referent in uppercase for 500 ms. After a blank of 500 ms, the target appeared and remained on the screen until the response. Participants were instructed to decide as rapidly and accurately as possible whether the referent and the target comprised the same sequence of letters (response "same") or not (response "different") by pressing the right Shift or left Shift key. They had to ignore the difference in case. Reaction times were measured from target onset until the keypress. All participants performed practice trials before receiving the 240 trials in a variable random order.
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 2 . The data were submitted to separate one-way analyses of variance on the participant (F1) and item (F2) means with target type (baseline, CC, VV, CV) as factor. In item analyses, one word was discarded because the corresponding error rate was 100% in one condition.
For Although the three letter-transposition conditions were processed more slowly than the baseline condition, they were not equivalent to each other. As expected, pseudowords were classified as different from their referent more quickly in the CV transposition condition than in the CC and VV conditions. Additionally, judgments were also faster in the VV condition than in the CC condition.
The fact that CV transpositions yielded faster reaction times than CC or VV transpositions is consistent with the hypothesis that the comparison is based on a representation structured according to vowel clusters, as CV transpositions systematically lead to a pseudoword with a different number of vowel clusters than the referent word. Because the referent and target stimuli differ in orthographic structure and not only in letter order, the discrepancy is more salient than in transpositions that do not alter orthographic structure (CC and VV conditions). The results provide further indications that the effect genuinely stems from the salience of the CV pattern. First, although it was not possible to strictly control for the position of transpositions in this experiment, the results do not fit with an explanation assuming a left-to-right scan of letter strings. The average position of letter transpositions for the CC, VV, and CV conditions was respectively 3.53, 4.37, and 3.97. Therefore, if the participants used a left-to-right scanning strategy, they should have been faster in the CC condition than in the VV condition, with the CV condition falling in between. This does not correspond to the pattern of results, as mismatch decisions were faster in the CV than in the VV condition and faster in the VV than in the CC condition. Additionally, the advantage for the CV condition cannot Note. Seventy-eight percent and 22% of the referent words included a -VVCC-and -CCVV-sequence, respectively. C ϭ consonant; V ϭ vowel. Although not directly related to the main issue of the present study, it is worth noting that VV transposed targets were processed more rapidly than CC transposed ones, despite the fact that the CV structure was similarly preserved in both conditions. This finding suggests that VV transpositions are perceived as less similar to their base word than CC transpositions. It fits with prior results in the lexical decision task but not in the same/different task. Thus, Perea and Lupker (2004) found that VV transposed pseudowords were easier than CC transposed pseudowords to reject in a lexical decision task, even though both kinds of stimuli were more difficult to reject than unrelated control pseudowords. In the same vein, VV transposed-letter pseudowords (e.g., cisano, from casino) yielded a smaller facilitation effect than CC transposed-letter pseudowords (e.g., caniso) in the primed lexical decision task (e.g., Lupker, Perea, & Davis, 2008; Perea & Lupker, 2004) . In this study, however, the transpositions involved nonadjacent letters, which may not be fully comparable to the present manipulation. In a follow-up study, Perea and Acha (2009) specifically compared adjacent VV transposition (e.g., craota, from CROATA) and CC transposition (e.g., catrel, from CARTEL) to a baseline lettersubstitution condition (respectively, crieta and cafnel). They also obtained a stronger priming effect in the CC condition in the lexical decision task, but not in the same/different task. Based on these findings, they argued that letter category effects are related to late, lexical processing stages and do not affect early orthographic encoding. Given the present finding of a reaction time difference between the CC and the VV conditions, the question of the locus of letter category effects remains open and would deserve further investigation as the two studies are not directly comparable (i.e., different baseline conditions, primed vs. unprimed task). In any case, CC and VV transpositions do not modify the CV pattern (which is the reason why we used both as control conditions), and the possibility that they yield differential effects does not call into question the conclusion that the distribution of consonant and vowel letters determines the perceived structure of letter strings.
Experiment 2
In Experiment 1, mismatch decisions were faster when pseudowords involved a letter transposition that modified the number of vowel clusters (e.g., LOINTAIN-loinatin). However, this change in orthographic structure was systematically associated with a change in phonological structure, as the resulting pseudoword had one more syllable than its base word (/lwε.tε/-/lwa.na.tε/). Experiment 2 was designed to assess whether the advantage for CV transposition was caused by the change induced in orthographic structure or in syllabic structure. To do so, we used hiatus words. Hiatus words include two contiguous vowel graphemes mapping onto two different vowel phonemes (e.g., RÉACTION, /Re.ak.sjɔ /). For such words, it is possible to produce a CV transposition that leads to a pseudoword with one additional vowel cluster without changing the number of syllables (e.g., récation, /Re.ka.sjɔ/). As in Experiment 1, this condition was compared to a CC transposed-letter condition and a baseline condition. The VV condition could not be included due to the other constraints in stimulus selection.
Method
Participants. Forty-four new students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. Forty-five referent words with two contiguous vowel graphemes (hiatus words) were selected from Lexique . All the referents were trisyllabic and included an internal -VVCC-or -CCVV-letter sequence (e.g., PEUPLIER, /poe. pli.je/) so that transposing adjacent letters enabled us to devise a pseudoword target with the same number of vowel clusters as the referent (peulpier, /poel.pje/: CC transposition) and a target of identical syllabic length to the referent but with one more vowel cluster (peupiler, /poe.pi.le/: CV transposition).
2 As in Experiment 1, an unrelated baseline condition (gourmand, /guR.mɑ /) was also included (see Table 3 and Appendix B). Forty-five trials eliciting "same" responses were added (e.g., CRUAUTÉ-cruauté, /kR y.o.te/). Three lists of stimuli were used so that every referent appeared once in each list with an equal number of trials of the three target conditions.
Procedure. The procedure was identical to that of Experiment 1.
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 4 . The data were submitted to separate analyses of variance on the participant (F1) and item means (F2) with target type (baseline, CC, CV) as factor.
For reaction times, there was a main effect of target type, F1(2, 86) ϭ 84.34, p Ͻ .001, F2(2, 88) ϭ 156.43, p Ͻ .001. Planned comparisons showed that related targets (CC, CV) were processed more slowly than unrelated ones (baseline), F1(1, 43) ϭ 116.85, p Ͻ .001, F2(1, 44) ϭ 296.52, p Ͻ .001. Critically, CV transposed targets were processed more quickly than CC transposed targets,
The same pattern was found on error rates. The effect of target type was significant, F1(2, 86) ϭ 29.97, p Ͻ .001, F2(2, 88) ϭ 31.40, p Ͻ .001. Planned comparisons showed that related targets (CC, CV) produced fewer errors than unrelated ones (baseline),
Critically, CV transposed targets produced fewer errors than CC transposed targets,
The pattern of results is identical to that of Experiment 1. Both CV and CC transposed-letter conditions were processed more slowly than the baseline condition, and the CV condition yielded faster and more accurate responses than the CC condition. In 2 The CC transposition condition sometimes led to pseudowords with one syllable less than the base word. Note, however, that this runs against the predicted effect. Indeed, if it is the number of syllables that drives the CV transposition advantage, such items should therefore be perceived as less similar to their base word and yield shorter reaction times than in the CV condition (for which there is systematically the same number of syllables between the referent and the target), which is the opposite of our prediction. This document is copyrighted by the American Psychological Association or one of its allied publishers.
addition to providing a replication of the CV transposition advantage observed in Experiment 1, the results show that the effect is not due to a change in syllabic structure. This is consistent with previous studies indicating that the transposed-letter effect is not influenced by syllabic boundaries (e.g., Perea & Acha, 2009; Perea & Carreiras, 2006) . Perea and Carreiras (2006) examined negative responses in the lexical decision task for two types of transposedletter pseudowords, pseudowords created by transposing two internal syllables (e.g., privemara, from the transposition of ma and ve in primavera) and pseudowords created by transposing two adjacent bigrams that do not form a syllable (e.g., primerava, coming from the transposition of the bigrams av and er). They found that the transposed-letter effect was similar in both conditions and concluded that transposed-letter effects occur at an early orthographic level, rather than at a syllable level.
Experiment 3
In Experiments 1 and 2, the critical comparison was between mismatch judgments on items with a CC letter transposition preserving the CV structure of the base word (e.g., poirver) and items with a CV letter transposition altering the CV structure relative to the base word (e.g., povirer). As the category of the transposed letters is not the same in the two conditions, the effect could ensue from the nature of the letters involved in the manipulation. Especially, the fact that the CV condition led to faster responses could be due to the transposition of a vowel, given previous evidence that transpositions involving vowels may be detected faster (Lupker et al., 2008) . To avoid this potential confound, we selected two sets of words such that a CV transposition would either preserve or alter the number of vowel clusters. This design presented the additional advantage that the position of the letter transposition could be strictly equated across the two conditions.
Method
Participants. Thirty-six new students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. Thirty triplets of bisyllabic words with two vowel clusters were selected from Lexique . One word included a -VVCC-or -CCVV-internal sequence so that transposing a consonant and a vowel created an additional vowel cluster (e.g., POIVRER-povirer, /pwa.vRe/-/pɔ.vi.Re/: structure-modifying transposition). The second word included a -VVCV-or -VCVV-sequence, so that transposing a consonant and a vowel did not alter the number of vowel clusters (e.g., PLUMIER-pluimer, /ply.mje/-/ plwi.me/: structure-preserving transposition). The third word had the same characteristics and was followed by an unrelated target (e.g., POIREAU-drouger, /pwa.Ro/-/dRu. e/: baseline). In the three conditions, referent words were carefully matched on lexical frequency, number of letters, and summed bigram frequency. The position of the transposition was also controlled for in the structure-preserving and the structure-modifying conditions (see Table 5 and Appendix C). Ninety trials eliciting a "same" response were added (e.g., FOIREUX-foireux, /fwa.Rø/).
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 6 . The data were submitted to separate analyses of variance on the participant (F1) and item means (F2) with target type (baseline, structure-modifying transposition, structure-preserving transposition) as factor.
For reaction times, there was a main effect of target type, F1(2, 70) ϭ 81.51, p Ͻ .001, F2(2, 87) ϭ 60.53, p Ͻ .001. Planned orthogonal comparisons showed that related targets were processed more slowly than baseline targets, F1(1, 35) ϭ 99.45, p Ͻ .001, F2(1, 87) ϭ 107.99, p Ͻ .001. Critically, structuremodifying transposed targets were processed more quickly than structure-preserving transposed targets, F1(1, 35) ϭ 32.27, p Ͻ .001, F2(1, 87) ϭ 13.08, p Ͻ .001.
A similar pattern was found on error rates. The effect of target type was significant, F1(2, 70) ϭ 27.10, p Ͻ .001, F2(2, 87) ϭ Note. Twenty percent and 80% of the referent words included a -VVCC-and -CCVV-sequence, respectively. C ϭ consonant; V ϭ vowel. The results are clear-cut. When two adjacent letters-namely, a consonant and a vowel-were transposed within a word, the resulting stimuli led to faster mismatch decision if the transposition modified the number of orthographic units based on the CV pattern (e.g., POIVRER-povirer) than if this number remained unchanged (e.g., PLUMIER-pluimer). These results provide a further replication of the effect observed in the previous experiments and confirm that the effect is not due to the category of the letters that are transposed but rather to the structural change that the transposition induces in the orthographic representation.
Experiment 4
In the three previous experiments, the referents were always words. As a consequence, the lexicality of the targets was confounded with the response. In "same" trials, the targets were words because they needed to be identical to the referent. In "different" trials, targets were pseudowords because they were systematically derived from the referent by transposition of two letters. Responses could therefore be determined by evaluating the lexicality of the target, rather than the orthographic similarity between the target and the referent. This confound does not undermine the results as their interest does not lie in a comparison of "same" and "different" trials but in a comparison between several conditions of "different" trials. The effects we found cannot therefore be attributed to lexicality. However, the fact that the participants could rely on target lexicality to discriminate "same" and "different" trials could have led them to use a lexical decision strategy and would obviously challenge any claim that the effects are prelexical. One way to avoid such a confound is to use pseudoword referents so that all the stimuli are pseudowords and participants cannot rely on lexicality anymore. We therefore conducted a new experiment following the same design as Experiment 3 but with pseudowords as referents. If the effects stem from prelexical processes, targets in the structure-modifying transposition condition should be responded to more quickly and accurately than in the structurepreserving transposition condition.
Method
Participants. Thirty-nine new students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. Thirty triplets of bisyllabic pseudowords with two vowel clusters were devised. One pseudoword included a -VVCC-or -CCVV-internal sequence so that transposing a consonant and a vowel created an additional vowel cluster (e.g., POUGNET-pogunet, /pu. ε/-/pɔ.gy.nε/: structure-modifying transposition). The second pseudoword included a -VVCV-or -VCVV-sequence so that transposing a consonant and a vowel did not alter the number of vowel clusters (e.g., FARIEUXfaireux, /fa.Rjø/-/fε.Rø/: structure-preserving transposition). The third pseudoword had the same characteristics and was followed by an unrelated target (e.g., GLATIAL-plouson, /gla. tjal/-/plu.zɔ/: baseline). In the three conditions, items were matched on number of letters, summed bigram frequency, and transposition position (see Table 7 and Appendix D). Ninety trials eliciting a "same" response were added (e.g., NAIRAUXnairaux, /nε.Ro/).
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 8 . We performed the same Note. Sixty-three percent and 37% of the referent words in the preserved structure condition included a -VVCV-and -VCVV-sequence, respectively. Forty percent and 60% of the referent words in the modified structure condition included a -VVCC-and -CCVV-sequence, respectively. C ϭ consonant; V ϭ vowel. In sum, as in Experiment 3, transpositions were detected more rapidly and more accurately if they modified the number of vowel clusters. The fact that the results tightly mirror those of Experiment 3 suggests that the participants genuinely performed a same/ different task rather than a lexical decision task and therefore confirms our interpretation of the effects in terms of prelexical processing.
A last point that needs to be examined is the possibility that the difference between the structure-modifying transposition condition and the structure-preserving transposition condition is due to the fact that different letters and different positions were involved in the two conditions. To rule out this possibility, we conducted two additional experiments. Experiment 5a was a replication of Experiment 4 with more stringent matching criteria, and Experiment 5b used the more traditional comparison between transposition and substitution.
Experiment 5a
In Experiment 5a, the referent and target pseudowords were devised so that both the position of the letter transposition and the identity of the manipulated letters were strictly identical between the two critical conditions (e.g., FOUDEIL-fodueil and BOUDLETbodulet: U and D transposed in both conditions). Thus, any difference between the two conditions could not be attributed to a confound in letter identity or position.
Method
Participants. Twenty-nine new students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. The pseudowords were devised in the same way as in Experiment 4 except that the two transposed letters were identical in the structure-modifying condition (e.g., MIEDRAR-miderar) and in the structure-preserving condition (e.g., FIEDURT-fideurt). As in Experiments 3 and 4, the position of the transposition was strictly matched between the two conditions (see Table 9 and Appendix E).
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 10 . One triplet of pseudowords was removed because one of the items was a pseudohomophone. We performed the same analyses as in Experiment 3.
For reaction times, there was a main effect of target type, F1(2, 56) ϭ 87.56, p Ͻ .001, F2(2, 84) ϭ 110.54, p Ͻ .001. Planned orthogonal comparisons showed that related targets were processed more slowly than baseline targets, F1(1, 28) ϭ 136.53, p Ͻ .001, F2(1, 84) ϭ 214.92, p Ͻ .001. Critically, structure- Note. Seventy-three percent and 27% of the referent pseudowords in the preserved structure condition included a -VVCV-and -VCVV-sequence, respectively. Forty percent and 60% of the referent pseudowords in the modified structure condition included a -VVCC-and -CCVV-sequence, respectively. C ϭ consonant; V ϭ vowel. There was no significant difference between the structure-modifying transposed targets and the structure-preserving targets (F1 Ͻ 1, F2 Ͻ 1).
In sum, Experiment 5a clearly showed that even though the position of the transposition and the identity of the transposed letters were strictly identical across the two critical conditions, responses in the structure-modifying transposition condition were still faster than in the structure-preserving transposition condition. The effect cannot therefore be attributed to potential confounds with letter identity or position.
Experiment 5b
As a complementary attempt to ensure that letter position and identity could not explain the pattern of results found in the previous experiments, we used the substitution manipulation that has been traditionally employed in transposed-letter studies. Each of the transposition conditions (e.g., TARIEUX-taireux, GUISSON-gusison) was compared to a control substitution condition in which the two transposed letters were replaced by two other letters (e.g., TARIEUX-tauceux, GUISSON-gureson) . It should be easier to decide that referents and targets are different in the substitution conditions than in the transposition conditions because fewer letters are shared between the referents and targets in the former case (Duñabeitia et al., 2012) . More importantly, the effect of structure should manifest itself by the presence of an interaction, with a smaller reaction time difference between transposition and substitution in the modified structure condition than in the preserved structure condition.
Method
Participants. Thirty-five new students participated in the experiment. They were all native French speakers and reported having normal or corrected-to-normal vision.
Stimuli. Forty pairs of referent pseudowords were devised in the same way as in Experiment 4. For one of the pseudowords, transposing a consonant and a vowel led to an additional vowel cluster (e.g., BOUDLET-bodulet, modified structure), whereas, for the other pseudoword, it led to the same number of vowel clusters (e.g., FOUREIL-forueil, preserved structure). For each referent, two target pseudowords were created, one corresponding to the transposition of two letters, as in the previous experiments (e.g., bodulet, foureil), and one for which the two transposed letters were replaced by two other letters (e.g., bofalet, foviel). The referents were matched on number of letters, summed bigram frequency, and transposition position (see Table 11 and Appendix F). Forty baseline trials and 120 trials eliciting a "same" response were added (e.g., NAIRAUX-nairaux, /nε.Ro/). Two counterbalanced lists of stimuli were created so that each participant was exposed to the full list of referents, followed either by a substituted-letter target or a transposed-letter target. The baseline trials and those eliciting a "same" response were identical for all the participants.
Results and Discussion
The mean correct reaction times and mean error rates averaged over participants are presented in Table 12 . One participant was excluded from the analyses due to a high error rate, as well as five extreme reaction times above 6,500 ms or below 250 ms. The data were submitted to separate analyses of variance with structure (preserved or modified) and condition (transposition vs. substitution) as main factors.
In the reaction time analyses, there was a significant effect of structure, F1(1, 33) ϭ 7.64, p ϭ .009, F2(1, 78) ϭ 4.52, p ϭ .04, Note. In both the preserved-structure and the modified-structure conditions, 47% of the referent pseudowords included a -VVCC-sequence, and 53% included a -CCVV-sequence. C ϭ consonant; V ϭ vowel. To sum up, Experiment 5b once again confirmed the influence of orthographic structure. As expected, the results showed an interaction between structure (preserved, modified) and type of modification (transposition, substitution), indicating that it was easier to detect a mismatch if the number of orthographic units was modified by a letter transposition than if this number remained unchanged, whereas no such difference was observed for the substitution conditions.
Complementary Analyses
Taken together, the present experiments clearly demonstrate the influence of orthographic CV structure on mismatch detection performance, both on reaction times and on error rates. In the following analyses, we present post hoc analyses of reaction time distributions as a first step toward a more precise specification of the process of structure extraction.
In studies using chronometric tasks, analyses of reaction time distributions have been proposed as a complement to analyses on central tendency (e.g., Andrews & Heathcote, 2001; Andrews & Lo, 2013; Balota & Yap, 2011; Balota, Yap, Cortese, & Watson, 2008) . Indeed, a difference between two condition means can be due to several distinct underlying differences in the distributions (Balota et al., 2008) : a shift of the modal portion of the distribution (actually reflected by a difference in means), an increase in the tail of the distribution, or both. Previous studies have shown that indications of changes in the distribution parameters for stable and well-documented effects (e.g., lexical frequency) can sometimes lead to refining the interpretation of the processes underlying the effects (see Andrews & Heathcote, 2001; Balota et al., 2008; Yap & Balota, 2007, for extensive demonstrations) .
Concerning the present study, we considered three possible scenarios that might account for the CV pattern effect: (a) The CV structure is extracted during the earliest stages of perceptual processing, namely, before all letters are identified; (b) the CV structure constitutes an intrinsic component of the gradual activation of elements taking place in the perceptual system; (c) the CV structure is extracted through a late orthographic parsing mechanism that is taking place after letters have been identified and a perceptual code incorporating them has been built (but before it makes contact with long-term lexical storage). In this case, as the perceptual code entails all the necessary information for the same/ different decision, the effect of a structural mismatch should only emerge on the slowest trials.
The first hypothesis seems incompatible with the results already presented. Indeed, as the targets in the baseline condition shared the structure of the referent even though they completely diverged in terms of letter identities, the hypothesis would predict a radically different pattern of results, with longer reaction times for baseline as well as for structurepreserving targets than for structure-modifying targets. Similarly, the fact that substitution targets were processed faster than transposition targets and were not affected by structure (Experiment 5b) indicates that at least some letter identity information must be available earlier than structural informa- Note. Mean reaction times for the "same" responses and the "different" responses in the baseline condition were 655 ms and 648 ms, respectively (8.5% and 3.5% in error rates, respectively). This document is copyrighted by the American Psychological Association or one of its allied publishers.
tion. To disentangle the other views, we considered the baseline reaction times distribution as a depiction of the time needed to make a "different" decision based on one single comparison between the referent and the target. In contrast, in the lettertransposition conditions, most letter comparisons between the referent and the target would indicate a match, and several comparisons would thus be required to reach the correct decision. The reaction times distribution should thus reflect the time needed to accumulate mismatch information and reach a negative decision. Because the number of trials per condition was limited and insufficient to fit a theoretical distribution and to estimate its parameters, we used descriptive vincentile plot analyses (e.g., Ratcliff, 1979; Yap & Balota, 2007) . For each participant, we rank-ordered the observations from fastest to slowest in each condition using 10 quantile bands, and we averaged correct reaction times for each bin. We then computed the reaction time difference between the baseline condition, the structurepreserving condition, and the structure-modifying condition per participant and per bin. Figure 2 displays the three effects for each of the fifth first experiments (there were too few observations per participants per conditions in Experiment 5b to conduct the analysis). The black line represents the CV struc- Figure 2 . Effects of orthographic structure (black line) and of letter similarity (gray lines) across quantiles in the five experiments. Transparent gray spaces around the lines represent the confidence intervals. C ϭ consonant; V ϭ vowel. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ture effect, obtained in averaging the difference across participants between the structure-preserving and structure-modifying letter-transposition condition. The two grey lines represent the mean difference between each of these two conditions and the baseline condition. In all five experiments, the difference between the two transposition conditions and the baseline condition (grey lines) is clearly visible for all vincentiles, and it is similar for the fastest vincentiles, although the two transposition conditions gradually diverge. The difference between the structure-preserving and baseline conditions tends to increase, in line with the hypothesis that the structure-preserving condition requires numerous comparisons before a decision criterion is reached. By contrast, the difference between the structure-modifying and baseline conditions (dashed line) appears relatively stable across vincentiles (except perhaps for Experiment 2 and Experiment 5a). This pattern is compatible with the idea that when it becomes available, the structural information preempts letter information and determines a mismatch decision. The nearly constant ϳ100-ms difference between the baseline and the structure-modifying conditions would then reflect the time required for the structural information to become available.
As a consequence, the CV structure effect (black line) builds up gradually from the earliest vincentiles. Despite a restricted number of observations (maximum three per bin per participant), the confidence intervals indicate that the effect was present from the first (Experiment 2), second (Experiments 1 and 5a), third (Experiment 3), or fourth (Experiment 4) bin. One firm conclusion is thus that the CV structure effect does not primarily emerge only for the slowest section of the reaction time distribution. We take this to constitute evidence against the hypothesis that the CV structure effect results from a late parsing mechanism taking place after the perceptual code is built and in support of the view that the orthographic structure driving the present effects is built concurrently with the extraction of letter identity and positional coding.
General Discussion
The present study aimed at testing the hypothesis that the organization of vowels and consonants within letter strings, the CV pattern, determines their perceptual structure. We reasoned that if a letter transposition modifies the number of vowel-centered units stemming from the CV pattern, the resulting stimulus should look more distinguishable from its referent than when the letter transposition does not alter the number of units. Hence, "different" responses should be faster in the former case. The findings of Experiment 1 supported this prediction. Pseudowords like povirer were more quickly judged as different from POIVRER than pseudowords like poirver or piovrer. Furthermore, the effect was still present when the number of syllables (Experiment 2), the category of the transposed letters (Experiments 3 and 4), and letter identity and position (Experiments 5) were controlled for. Thus, consistent with our proposal, letter transpositions were more salient and discernible when they produced a change in the number of vowelcentered units relative to their referent. If the configuration of consonants and vowels did not matter in letter string perception, no difference should have been found between the transposition conditions, especially in Experiments 3-5 in which the transposition applied to a consonant-vowel or vowel-consonant sequence for all conditions and stimuli.
Taken together, the results demonstrate that readers are sensitive to the organization of letter strings as determined by the alternation of consonant and vowel letters. The fact that these effects were obtained in the sequential same/different matching task permits us to conclude that the organization of consonants and vowels constrains letter string processing at a prelexical level of processing. At the stage of orthographic encoding, we hypothesize that letter strings are parsed into a number of letter groups corresponding to the number of vowel clusters, with each vowel cluster underlying a distinct slot. Hence, two slots would be required when the referent word (e.g., POIVRER) is displayed, whereas three would be needed for targets with a different structure (e.g., povirer). Detecting a difference between the referent and the target would therefore be faster and easier than when they share the same number of slots.
Several indications support the view that the observed response time difference is not caused by phonological or morphological characteristics. First, the influence of CV structure was observed in Experiment 2 even though the number of syllables was kept constant. This is consistent with previous findings suggesting that transposed-letter similarity effects are not related to syllabic organization (see Perea & Acha, 2009; Perea & Carreiras, 2006) . Second, despite the fact that the letter transposition in the VV condition of Experiment 1 did systematically break a multiletter vowel grapheme (e.g., OI in RA-CLOIR leading to RACLIOR), it still produced longer response times than the corresponding CV condition. The faster decision times for the CV condition cannot therefore be attributed to grapheme disruption (see also Lupker et al., 2012) . A third potential phonological explanation is in terms of a phonological parsing mechanism following an onset-nucleus-coda scheme (e.g., C. H. Lee & Taft, 2009 Perry, Ziegler, & Zorzi, 2007 , 2010 Taft & Krebs-Lazendic, 2013) . According to Taft and Krebs-Lazendic (2013) , orthographic lexical representations of bisyllabic words are structured in units with slots corresponding to onset, nucleus, and coda (ONC) constituents. In our experiments, the letter transpositions sometimes modify the ONC structure. However in Experiment 2, the two contrasted manipulations produced similar numbers of ONC structure changes (41 and 45 changes). Thus, ONC structure cannot account for the effect observed here. Fourth, post hoc analyses indicated that the effects of structure cannot be explained by an artefactual difference in phonological structure that would induce differential ease of access to the pronunciation. Targets in the two critical conditions did not differ in average biphone frequency in five out of six experiments. We also checked that the effects could not be explained by the morphemic structure of words, as previous studies showed that morphological units are activated during visual word recognition (e.g., Duñabeitia, Perea, & Carreiras, 2007; Rastle, Davis, & New, 2004) . In Experiment 1, there were more morphologically complex words in the CC and VV conditions than in the CV condition, but in Experiments 2 and 3, the proportion of morphologically complex words for which the letter transposition occurred within or This document is copyrighted by the American Psychological Association or one of its allied publishers.
between morphemes was similar across conditions. 3 Moreover, even when the morphologically complex words were removed from the analyses, response times to the structure-modifying transposition condition were still faster than those in the structure-preserving condition, F1(1, 35) ϭ 31.28, p Ͻ .001, F2(1, 71) ϭ 11.64, p ϭ .001 (Experiment 3). This rules out an interpretation of the effects in terms of morphemic structure.
The present data are in line with prior research demonstrating that the CV pattern determines the perceptual structure of polysyllabic letter strings, each vowel cluster serving as the core of a perceptual unit (Chetail & Content, 2012 . The previous evidence that we reported was mainly obtained with metalinguistic tasks such as syllable counting for words with a different number of vowel clusters and of syllables. Basically, this occurs when words entail either a hiatus pattern (e.g., chaos, /keI.ɒs/, in English, two syllables but only one vowel cluster) or a silent e (the so-called schwa pattern in French, e.g., biberon, /bi.bRɔ/, two syllables but three vowel clusters). Hiatus words comprise one orthographic unit less than their number of syllables due to two adjacent vowel graphemes (Chetail & Content, 2012) . Conversely, schwa words include one orthographic unit more than the number of syllables because of the presence of the E letter in the orthographic form (but not in the phonological form), leading to one supplementary vowel cluster (Chetail & Content, 2013) .
The results are also consistent with evidence from case studies of dysgraphic patients, which suggest the existence of an abstract orthographic CV representation distinct from the phonological CV skeleton (e.g., Buchwald & Rapp, 2006; Caramazza & Miceli, 1990) . For example, the dysgraphic patient in Caramazza and Miceli's (1990) study produced deletions of consonant and vowel letters within consonant or vowel clusters respectively (e.g., sfondo ¡ sondo), but never for singleton consonants or vowels (e.g., tirare 3 trare). In other words, the patient's spelling responses most often preserved the number of vowel clusters. Moreover, Buchwald and Rapp (2006) analyzed substitutions errors in the written production of two dysgraphic patients and showed that they were sensitive to the orthographic CV structure of words rather than to the phonological CV skeleton. For example, for words like thigh (/-aI/, phonological CV skeleton: CV; t-h-i-g-h, orthographic CV pattern: CCVCC) , the two patients made more errors preserving the orthographic structure (e.g., thich) than the phonological structure.
The respective role of consonants and vowels in lexical organization, lexical representation, and word recognition has been an issue of major interest in psycholinguistics over the last decades. Among the various strands of investigation, some recent studies have examined the impact of consonant and vowel information on visual word recognition by selectively modifying and preserving either kind of letters (e.g., Carreiras & Price, 2008; H. W. Lee, Rayner, & Pollatsek, 2001 Lupker et al., 2008; New, Araújo, & Nazzi, 2008; Perea & Acha, 2009; Perea & Lupker, 2004; Vergara-Martínez, Perea, Marín, & Carreiras, 2011) . The main conclusion of this line of research is that consonants provide stronger constraints on lexical selection than vowels, probably because the former carry more information than the latter. In spite of the surface similarity between those studies and the present experiments-both in terms of objects and methods-the underlying issues are distinct. We aimed at assessing whether the CV pattern, that is, the arrangement of consonant and vowel letters, determines the perceptual structure of letter strings. In other words, the underlying question was whether a disruption of the CV pattern obtained by letter transposition-be it consonants or vowelsaffects discrimination, rather than whether transposing consonants versus vowels produces different performance. The two questions are independent, and the evidence shows that the answer to both may be positive. On one hand, the CV pattern contributes to orthographic parsing at a prelexical level, with each vowel cluster underlying one perceptual unit. On the other hand, consonants appear to play a predominant role during lexical access. The two statements are not incompatible and may even mirror the differential roles of consonant and vowel phonemes in speech processing and language acquisition, with consonants being more important for lexical selection, and vowels supporting prosodic and morphosyntactic processing (see Nazzi, 2005; Nespor, Peña, & Mehler, 2003) .
One might be tempted to assimilate the proposal that vowel clusters determine orthographic units to the notion of orthographic syllables. There is no consensual definition of orthographic syllable in the literature, and many studies ambiguously use the term syllable to refer to units within written words as well as within spoken words. The dominant definition assumes that orthographic syllables are groups of letters that correspond to phonological syllables (e.g., Chetail & Mathey, 2010; Conrad, Grainger, & Jacobs, 2007) . According to this view, even though the number of vowel clusters is identical to the number of orthographic syllables in many words, the two terms cannot be used as synonyms since the correspondence is not complete. For example, hiatus words systematically differ in orthographic and phonological structure (e.g., congruent: two vowel clusters and three syllables).
However, orthographic syllables have also been defined on the basis of morphological and orthographic structure (BOSS; e.g., Taft, 1979) or as units emerging from orthotactic or statistical regularities (Prinzmetal, Treiman, & Rho, 1986; Seidenberg, 1987) . To make it even more complex, the term graphosyllable is sometimes preferred, referring either to groups of letters coding for syllables (e.g., Colé, Magnan, & Grainger, 1999) or to groups of letters centered on graphemic vowels (Caramazza & Miceli, 1990) . Although the latter definition is close to our proposal, we prefer to avoid this terminology to prevent the ambiguity it conveys. According to us, one cause of the lack of consensus about the nature of orthographic units is that a major part of the research effort has consisted in searching evidence in favor of predefined linguistic units. In contrast, we favor an approach focusing on the information and cues that subserve perceptual parsing.
Together with other recent findings (e.g., C. H. Lee & Taft, 2009 Perea, abu Mallouh, & Carreiras, 2010; Taft & KrebsLazendic, 2013; Velan & Frost, 2009 ), the present results suggest that models of orthographic coding should take the internal structure of words into consideration. Based on letter-transposition similarity effects, current models have abandoned the hypothesis of strict letter positional coding in favor of open-bigram schemes (e.g., Grainger & Van Heuven, 2003; Whitney, 2001) , spatial gradient (Davis, 2010; Davis & Bowers, 2006) , or noisy positional coding (e.g., Gómez et al., 2008; Norris et al., 2010) . For example, in open-bigram models (e.g., Grainger & Van Heuven, 2003; Whitney, 2001) , stimuli activate bigrams corresponding to adjacent and nonadjacent letters (e.g., FO, FR, FM, OR, OM, and RM for FORM, and FR, FO, FM, RO, RM, and OM for FROM) . Due to the high overlap of activated bigrams (5/6 in the FORM/FROM example), a prime created by the transposition of two letters can be as good as the base word itself. According to the spatial gradient hypothesis (Davis, 2010; Davis & Bowers, 2006) , the orthographic representation depends on a specific pattern of activation of its component letters, with activation decreasing from left to right as a function of letter position within the string. Hence, in both FORM and FROM, the letters F and M are the most and the least activated respectively, and O is more activated than R in FORM, whereas it is the opposite in FROM. Again, both letter strings are therefore coded by relatively similar patterns of letter activation. Finally, according to the noisy positional coding scheme (e.g., Gómez et al., 2008; Norris et al., 2010) , the activation of each letter extends to adjacent positions, so that the representation of FORM is strongly activated by R in the third position but also by R in the second position.
In these models, the only perceptual units playing a role in early orthographic processing are letters and bigrams. Because they observed differences between consonant and vowel transpositions in the primed lexical decision task but not in the primed same/ different task, Perea and Acha (2009) argued that the consonant/ vowel distinction affects lexical processing and does not impinge on early encoding stages, so that current models need no adjustment. On the contrary, the present results show that not all adjacent letter transpositions have the same effect on discrimination performance and that the effect is modulated by the preservation or disruption of the CV structure. Future models of orthographic coding and word recognition should thus take these findings into account. Indeed, we conducted further analyses to assess whether current orthographic coding models could account for the present results. For each critical referent-target pair, we computed orthographic similarity indexes (i.e., weighted proportion of shared letters or bigrams) according to the coding schemes of the openbigram model (Grainger & Van Heuven, 2003) , the SOLAR (selforganizing lexical aquisition and recognition) model (Davis & Bowers, 2006) , and the overlap model (Gómez et al., 2008) . 4 If the present findings are due to letter or bigram structure, targets with a modified number of units based on the CV pattern should have a lower index of orthographic similarity than those with a preserved number. The difference would thus explain why the former were perceived as less similar to their referents than the latter. As can be seen in Table 13 , none of the models fits with this expla- (Davis & Bowers, 2006) Open bigram (Grainger & Van Heuven, 2004) Overlap (Gómez, Perea, & Ratcliff, 2008) Note. Scores of orthographic similarity range from 0 to 1, with 0 indicating no similarity between the two items (e.g., paireux-clongot) and 1 a perfect match (e.g., paireux-paireux). SOLAR model ϭ self-organizing lexical aquisition and recognition model; C ϭ consonant; V ϭ vowel.
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nation. In the SOLAR and Overlap models, the two critical conditions did not differ in terms of orthographic similarity in five experiments out of six, while we found a significant effect of CV structure in the six ones. In the open-bigram model, items with a modified CV structure tended to have a lower orthographic similarity index in one experiment, but a higher index in three others, which is thus clearly inconsistent with the experimental data. It therefore seems that models of orthographic coding would need to be modified, potentially by incorporating an intermediate level of orthographic representations based on vowel clusters. The idea of an intermediate level of representations between letters and word form is far from new (e.g., Conrad, Tamm, Carreiras, & Jacobs, 2010; Patterson & Morton, 1985; Shallice & McCarthy, 1985; Taft, 1991) . The specificity of the current proposal is that the grouping strictly ensues from orthographic characteristics, namely, the arrangement of consonant and vowel letters, and not from phonological properties. In this view, a minimal perceptual hierarchy might include four levels of representation: features, letters, vowel-centered units (i.e., orthographic units based on the CV pattern of words), and orthographic word forms (see Figure 3) . Vowel-centered units would thus serve both to contact lexical representations and to encode the identity and spatial position of substrings from the sensory stimulation. Furthermore, the number of active vowel-centered nodes or the summed activity in that layer might provide a useful cue to string length and structure. This hypothesis is consistent with empirical evidence suggesting that the activation of lexical competitors is modulated by their similarity in length with the stimulus, measured as the number of large units (Chetail & Mathey, 2011) . This is also consistent with recent evidence showing that the number of vowelcentered units influences the perceived length of words (Chetail & Content, 2014) , even with short presentation duration such that stimuli could scarcely be completely identified.
One question that arises is how to reconcile the present proposal with the possible role of graphemic parsing in phonological transcoding. One possibility in such a multiple level framework is that the mapping with phonology is assumed to occur in parallel at all levels (see Figure 3 , Panel A) through the activation and synthesis of associated phonological counterparts, and there is thus no separate grapheme-phoneme conversion procedure. We further believe that there is no strong argument to incorporate grapheme units in between the letter and vowel-centered unit levels. Lupker et al. (2012) reasoned that, if graphemes are perceptual units, disturbing letters in a multiletter grapheme (e.g., TH) should produce a larger effect on word processing than when letters that constitute two graphemes are disturbed (e.g., BL). Using transposed-letter masked priming, they found no difference between the two conditions in a lexical decision study in either English or Spanish. Both anhtem and emlbem facilitated lexical decisions for the target words ANTHEM and EMBLEM, respectively, compared to a control condition. This led the authors to conclude that multiletter graphemes are not perceptual units involved in early stages of visual word identification. Interestingly, other experiments favoring a role of graphemes as reading units can be accounted for in terms of effects of the CV pattern. In the letter-detection task, Rey, Ziegler, and Jacobs (2000) showed that it was more difficult to detect the letter A in a complex grapheme (e.g., BEACH) than as a simple grapheme (e.g., PLACE), which led them to conclude that graphemes are processed as perceptual units. The alternative interpretation we propose is that the letter A was more slowly detected in BEACH because it was part of a vowel cluster, core of an orthographic unit, rather than part of a grapheme. Similarly, the better detection of the letter O in weakly cohesive graphemes (e.g., thon, ON corresponding either to one phoneme /ɔ/ in /tɔ/ or two phonemes such as /ɔn/ in bonne, /bɔn/ in French) than in strongly cohesive graphemes (e.g., flou, OU This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
systematically corresponding to one phoneme /u/ in /flu/; Spinelli, Kandel, Guerassimovitch, & Ferrand, 2012) can also be accounted for in terms of vowel clusters. The letter O would be more difficult to detect in OU because the two vowel letters form a cohesive chunk, core of an orthographic unit, while the O in ON is not part of a vowel cluster. Hence, this kind of effect, accounted in terms of graphemic units, may merely reflect CV pattern effects. It remains however possible that graphemes are extracted and serve as the basis of a separate phonological conversion procedure (see Figure 3, Panel B) . In that case, graphemic units may be inserted in a graphosyllabic structure with onset, nucleus, and coda slots (as in the CDPϩϩ model; Perry et al., 2007 Perry et al., , 2010 . In this context, the vowel-centered structure might provide a clue to help the system set up the adequate number of graphosyllabic and phonological structures. Indeed, although a detailed analysis of orthographic consonant attachment is beyond the scope of the present study, it is likely that vowelcentered units most of the time correspond to graphosyllables. One advantage of vowel-centered units would be to code the orthographic structure of letter strings according to a definite and fixed scheme, independent of orthophonological mapping inconsistencies. In French, for example, the E in atelier and cadenas would be the kernel of an orthographic unit whether it has a direct phonological counterpart (as in atelier, /atəlje/) or not (as in cadenas, /kadna/).
To conclude, the present study provides strong evidence that all letter transpositions are not equivalent with respect to discriminability. More specifically, transpositions that disrupt higher order structure are more distant from their base word in terms of perceptual similarity than transpositions that preserve structure. We further propose that the relevant structure determining perceptual similarity is orthographic and not phonological in nature and that it is primarily based on the information provided by the CV orthographic pattern, that is, the configuration of consonant and vowel class elements in the letter string. 
Stimuli Used in Experiment 3

(Appendices continue)
